Complications following lumbar transforaminal epidural injection are frequently related to inadvertent vascular injection of corticosteroids. Several methods have been proposed to reduce the risk of vascular injection. The generally accepted technique during epidural steroid injection is intermittent fluoroscopy. In fact, this technique may miss vascular uptake due to rapid washout. Because of the fleeting appearance of vascular contrast patterns, live fluoroscopy is recommended during contrast injection. However, when vascular contrast patterns are overlapped by expected epidural patterns, it is hard to distinguish them even on live fluoroscopy.
INTRODUCTION
Lumbar transforaminal epidural steroid injections (ESIs) are frequently employed for the treatment of lower back pain with a radicular component secondary to lumbar disc pathology, degenerative condition of the lumbar spine or failed back surgery syndrome [1] [2] [3] . The mechanism of therapeutic benefit is attributed to relieving the inflammation secondary to mechanical and/or chemical nerve root irritation [4] [5] [6] . Transforaminal epidural injections of anesthetic and corticosteroids are generally safe with a reported minor complication rate of 9.6% in the lumbar spine [7] . Rare but serious morbidity has also been documented including: transient paraplegia, spinal cord infarction with myelopathy, subdural hematoma, cerebellar infarct, and death [8] [9] [10] [11] [12] . Many of these adverse outcomes are thought to be secondary to inadvertent intravascular injection and embolization of corticosteroid particles via the vertebral artery or the radiculomedullary arteries [10] [11] [12] [13] . The reported incidence of inadvertent vascular injection is 9% to 26% in intermittent fluoroscopically guided transforaminal epidural injections depending on the level of injection [14, 15] . Because of the fleeting appearance of a vascular contrast pattern, prior studies have recommended observation of dynamic contrast flow under live fluoroscopy. However, when vascular contrast patterns are overlapped by expected epidural patterns, it is hard to distinguish them even on live fluoroscopy. These simultaneous epidural and vascular injections are the most common type of inadvertent vascular injection with an incidence of 8.9% in lumbosacral injections [16] . Therefore, the addition of digital subtraction may enhance visualization of contrast distribution and vascular uptake during injection [17, 18] . The purpose of this study is to determine how accurately live fluoroscopy detects inadvertent intravascular injection during lumbosacral transforaminal epidural injections using dynamic contrast flow under digital subtraction fluoroscopy as the gold standard.
MATERIALS AND METHODS
A total of 87 lumbosacral transforaminal ESIs performed on 46 patients. All patients were included who were thought to be appropriate candidate for a transforaminal lumbosacral ESIs during a 5-month period (June through October 2009) to treat either lumbar disc pathology or spinal stenosis. Patients receiving either interlaminar or caudal ESIs were excluded, as were patients who were pregnant or had known allergies to contrast dye, iodine, fish, or shellfish. If the authors considered the needle placement difficult and needed multiple attempts, the cases were excluded from the study. All procedures were performed under fluoroscopic guidance with contrast enhancement by five physicians with experience. The patients were prepared and draped in a sterile fashion in a prone position. For lumbar transforaminal ESIs, the fluoroscope was positioned so that an oblique view of the appropriate neural foramen was obtained. The overlying soft tissue was then anesthetized with 1% lidocaine. An appropriate length styleted 22-gauge needle was guided inferior to the pars interarticularis and into the neural foramen. Under biplanar visualization, the needle was advanced into the "safe triangle" inferior to the pedicle, and superolateral to the exiting spinal nerve, thus avoiding nerve, dorsal root ganglion, and dural sleeve puncture. For S1 transforaminal injection, the 22-gauge needle was guided into the superior lateral quadrant of the S1 foramen using biplanar fluoroscopy.
After all levels and the ideal needle position were confirmed by biplanar fluoroscopy, the presence or absence of flash and/or aspiration in the needle and syringe were observed and documented. Subsequently, 1.0 ml of nonionic contrast was injected under live fluoroscopy with using digital subtraction enhancement. Two dynamic fluoroscopic images, live fluoroscopic images and digital subtraction fluoroscopic images were saved from each injection (Fig. 1 
RESULTS
Eighty-seven lumbosacral transforaminal ESIs performed on 46 patients (mean age, 58 years; range, 27-79 years) were recorded. Sixty lumbar and 27 S1 transforaminal ESIs were performed. Of those, 47 cases (54%) were left-sided injections, and 40 cases (46%) were right-sided injections (Table 1) .
Using digital subtraction guidance with contrast confirmation, our overall rate of intravascular injection was 23% (n = 20). Transforaminal ESIs performed at S1 had an intravascular injection rate of 40.7% (n = 11) compared with 15.0% (n = 9) for all the lumbar injections ( Table 2) . There was no significant difference in the incidence of intravascular injections by diagnosis in patients with postspine surgery (33.3%) compared with those with none spine surgery (21.3%; Fisher exact test, P value = 0.460). Sensitivity (%) = 25.0%, Specificity (%) = 100%, DSI: digital subtraction image. Sensitivity (%) = 60.0%, Specificity (%) = 100%, DSI: digital subtraction image.
There was also no significant difference in incidence of intravascular injections based on gender (19.6% female; 29.0% male; Fisher exact test, P value = 0.425). Although there were 20 documented vascular injections, only 5 of these were predicted with either a flash or aspiration of blood (sensitivity = 25%). The 67 nonvascular injections were predicted by a negative flash and negative blood aspiration in 67 (Table 3, 4) . There were 20 documented vascular injections, 12 cases were predicted under live fluoroscopic guidance with contrast confirmation (sensitivity = 60%). False positive vascular response (indicating a vascular pattern was present on a live fluoroscopic image when not documented in the digital subtraction image) was not observed (Table 5) .
DISCUSSION
In this prospective study of 87 injections, the incidence of intravascular injections during lumbosacral transforaminal ESIs as determined by digital subtraction fluoroscopic guidance was 23% overall. Transforaminal ESIs performed at S1 had an intravascular injection rate of 40.7% (n = 11) compared with 15.0% (n = 9) for all the lumbar injections ( Table 2 ). There was a statistically significant higher intravascular injection rate at S1 compared with the lumbar levels. The higher intravascular injection rate at S1 may be contributed to increased vascularity in the sacral foraminal region. The sample was too small in the individual lumbar levels to make statistically significant conclusion about incidence of vascular injection at each level.
The majority of these vascular injections are venous. The vertebral venous plexus is a valveless system that extends to the entire length of the vertebral column, and is confluent with the venous systems of the lower limb and pelvis caudally and with the dural sinuses cranially [19, 20] . The vertebral venous system can be divided into three intercommunicating divisions: 1. the internal vertebral venous plexus surrounding the dura within the spinal canal; 2. the basivertebral veins draining the vertebral bodies themselves; 3. the external vertebral plexus surrounding the vertebral column. The internal posterior vertebral venous plexus within the epidural space is located predominately dorsolaterally, which must be avoided during injections. The serious morbidity associated with transforaminal injection is thought to be caused primarily by inadvertent arterial injection and embolization of corticosteroid particles [20] [21] [22] [23] [24] . Although the risks are greater with intra-arterial injection, intravenous injections should also be avoided. The reason is that partial or total intravenous administration of the corticosteroids is contrary purpose of epidural injection: to place a high concentration of the medication at the site of pathology. To avoid inadvertent vascular injection, several methods have been suggested including: aspiration with a syringe, dynamic observation of live fluoroscopy during contrast injection, digital subtraction angiography, usage of short bevelled or blunt needles, and an application of an anesthetic test dose. Furman et al. reported that using a positive flash or blood aspirate to predict intravascular injections during lumbar transforaminal ESIs was 44.7% sensitive by comparing with intermittent fluoroscopy [15] . In this study, we found that flash or blood aspiration was 25% sensitive by comparing with digital subtraction fluoroscopic guidance. Thus, a positive flash or aspiration of blood was only predictive of intravascular injection in a quarter of the documented vascular injections. The negative pressure for aspiration may result in the collapse of the vessel, thus preventing blood uptake. Therefore, this method is clearly unreliable. Although only transforaminal lumbosacral ESIs were investigated, the implication of this finding extends throughout interventional pain management. In our study, the authors found that flash or blood aspiration was 100% specific. Although a negative flash or blood aspiration is unreliable, a positive flash or blood aspiration reliably predicts a vascular injection, and the needle tip should be repositioned. During the process of contrast injecting, intermittent fluoroscopic spot filming is inadequate for visualizing vascular uptake. Matthew et al. reported that intermittent fluoroscopy missed the vascular uptake in more than 50% of simultaneous epidural and vascular injection [14] . Based on these prior studies, live fluoroscopy is recommended during contrast injection. Our study showed that the intravascular injections were found in 12 cases of 87 cases under live fluoroscopic guidance with contrast confirmation (13.8%). It also observed that using digital subtraction guidance with contrast confirmation, the intravascular injection occurred in 20 cases of the 87 cases (23%). There was a statistically significant higher rate of intravascular injections noted with transforaminal ESIs performed under digital subtraction guidance, compared with those by live fluoroscopic guidance (McNemar test, P = 0.039). This is an important that live fluoroscopic guidance is useful method to detect intravascular injection but the vascular contrast patterns are overlapped by expected epidural patterns, it can miss more vascular injections. It comes as no surprise that the significant difference in detection of vascular injections between in live fluoroscopic images and in digital subtraction images. Digital picture can be enhanced with a variety of controls such as contrast and brightness. Digital subtraction was achieved by imaging software of a computer [25] . Our fluoroscopic device has optional digital subtraction packages that would likely perform these steps automatically and faster. Subtraction of the preinjection image from the postinjection image eliminates the majority of bone shadows. This image can highlight the distribution of an epidurogram and vascular uptake clearly. Disadvantage of the digital subtraction fluoroscopic imaging adds to radiation exposure to the patient, physician and staff. The cost of adding the digital subtraction to a new purchase or to upgrade an existing fluoroscopy is not high, but will not likely be compensated. The cost of an entry digital subtraction package would be about 15 thousand to 18 thousand dollars above the base cost of a good fluoroscopy. It has been previously proposed that digital subtraction fluoroscopy may be useful method for documentation of epidural contrast spread and perhaps discography [18] . When contrast patterns are different from expected, the possibility that one is injecting into unintended structures should warn the injectionist to reposition the needle. This finding demonstrate that digital subtraction fluoroscopic imaging is superior to blood aspiration or live fluoroscopy in detecting intravascular injections with lumbar transforaminal epidural injection. But, large-scale and controlled trials would be required to prove the effectiveness of digital subtraction fluoroscopic imaging in spinal diagnostic and treatment procedure. Vascular contrast patterns are especially difficult to observe when they simultaneously occur to the expected epidural pattern. This is an important observation since this current study showed that live fluoroscopic guidance can miss more vascular injections when they simultaneously occur to the expected epidural injection (sensitivity 60%). This prospective evaluation demonstrate that digital subtraction fluoroscopic imaging is superior to blood aspiration or live fluoroscopy in detecting intravascular injections with lumbar transforaminal epidural injection.
